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METHODS OF FORMING TRENCH 
SOLATION AND METHODS OF FORMING 

FLOATING GATE TRANSISTORS 

TECHNICAL FIELD 

Embodiments disclosed herein pertain to methods of form 
ing trench isolation and to methods of forming floating gate 
transistors. 

BACKGROUND 

In the fabrication of integrated circuitry, numerous devices 
are packed into a small area of a semiconductor Substrate to 
create an integrated circuit. Many of the individual devices 
are electrically isolated from one another. Accordingly, elec 
trical isolation is an integral part of semiconductor device 
design for preventing unwanted electrical coupling between 
adjacent components and devices. 
As the size of integrated circuits is reduced, the devices that 

make up the circuits are positioned closer together. One 
method of isolating circuit components is trench isolation. 
Such occurs by etching trenches into semiconductive material 
of a substrate and filling the trenches with a suitable electrical 
isolation material, typically insulative material although 
other materials such as a semiconductive material to which a 
potential can be applied might also be used. As the density of 
components on the semiconductor Substrate has increased, 
the widths of the trenches have decreased. Further, the depths 
of the trenches have tended to increase. 
The continual reduction in device or feature sizes places 

ever greater demands on the techniques used to form the 
features, such as isolation trenches and the active or circuitry 
area there-between. For example, photolithography is com 
monly used to pattern the features. A concept commonly 
referred to as “pitch’ can be used to describe the size of 
repeating features, such as a series of trench lines. Pitch is 
defined as the distance between an identical point in two 
neighboring features. In the context of isolation trenches, the 
trench is essentially defined by the cross-sectional dimension 
of the trench and the immediately adjacent space between two 
adjacent trenches. As a result, pitch can be viewed as the Sum 
of the width of the trench and the width of the space on one 
side of the trench separating that trench from a neighboring 
trench. However, due to factors such as optics and light or 
radiation wave length, photolithography techniques have a 
minimum pitch below which a particular photolithographic 
technique cannot reliable form features. Thus, the minimum 
pitch of a photolithographic technique is an obstacle to con 
tinued feature size reduction. 

“Pitch doubling' or “pitch multiplication” are techniques 
proposed for extending the capabilities of photolithographic 
process beyond their minimum pitch. Such techniques typi 
cally fabricate features in a mask to a minimum capable 
dimension using photolithography. Then, the widths of the 
mask features are expanded, for example by sidewall oxida 
tion or deposition and anisotropic etch to form spacers such 
that the width increase on at least one side of the feature is of 
a dimensionless than the minimum photolithographic feature 
resolution. The original mask features are then etched selec 
tively relative to the added material, thus leaving a mask 
having feature widths which are less than that which can be 
achieved using photolithography alone. 
A particular problem which motivated some embodiments 

of the invention is described with reference to FIG. 1. Such 
depicts a semiconductor Substrate 10 comprising bulk semi 
conductive material 11 having a mask 12 that has been formed 
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2 
thereover. Mask 12 comprises, in the depicted cross-section, 
parallel feature lines 13 comprised of a first masking material 
14 received over a second masking material 15 which is 
received on semiconductor Substrate 11. An example material 
15 is pad oxide, while an example material 14 is silicon 
nitride. Mask12 has been utilized to form isolation trenches 
16 within bulk semiconductor material 11. Silicon dioxide 
17, as an isolation material, has been deposited over mask 12 
to within isolation trenches 16. Unfortunately as shown, some 
of the features 13 of mask 12 have toppled or leaned laterally 
in the direction of the isolation trenches. This occurred during 
the fill of trenches 16 with material 17 likely due to stresses 
introduced during the fill. This can also lead to severe bending 
of the isolation structures and/or including the material 11 
immediately beneath mask 12, for example as shown. This 
particular problem was found to manifest as the width of the 
isolation trenches or the width of the material between the 
isolation trenches fell to 35 nanometers and below. Such 
might occur regardless of whether pitch multiplication tech 
niques are used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic sectional view of a prior art 
semiconductor Substrate fragment. 

FIG. 2 is a diagrammatic sectional view of a semiconductor 
Substrate fragment in process in accordance with an embodi 
ment of the invention. 

FIG. 3 is a top view of the FIG. 2 substrate fragment. 
FIG. 4 is a view of the FIG. 2 substrate fragment after 

processing Subsequent to that shown by FIG. 2. 
FIG. 5 is a view of the FIG. 2 substrate fragment after 

processing Subsequent to that shown by FIG. 4. 
FIG. 6 is a view of the FIG. 2 substrate fragment after 

processing subsequent to that shown by FIG. 5. 
FIG. 7 is a view of the FIG. 2 substrate fragment after 

processing Subsequent to that shown by FIG. 6. 
FIG. 8 is a view of the FIG. 2 substrate fragment after 

processing subsequent to that shown by FIG. 7. 
FIG. 9 is a view of the FIG. 2 substrate fragment after 

processing subsequent to that shown by FIG. 8. 
FIG. 10 is a view of the FIG. 2 substrate fragment after 

processing subsequent to that shown by FIG. 9. 
FIG. 11 is a view of the FIG. 2 substrate fragment after 

processing subsequent to that shown by FIG. 10. 
FIG. 12 is a view of the FIG. 2 substrate fragment after 

processing subsequent to that shown by FIG. 11. 
FIG. 13 is a diagrammatic sectional view of a semiconduc 

tor Substrate fragment in process in accordance with an 
embodiment of the invention. 

FIG. 14 is a view of the FIG. 13 substrate fragment after 
processing subsequent to that shown by FIG. 13. 

FIG. 15 is a view of the FIG. 13 substrate fragment after 
processing Subsequent to that shown by FIG. 14. 

FIG. 16 is a view of the FIG. 13 substrate fragment after 
processing subsequent to that shown by FIG. 15. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

Referring to FIGS. 2 and 3, a semiconductor substrate in 
process in accordance with one or more embodiments of the 
invention is indicated generally with reference numeral 20. In 
the context of this document, the term "semiconductor Sub 
strate' or “semiconductive substrate' is defined to mean any 
construction comprising semiconductive material, including, 
but not limited to, bulk semiconductive materials such as a 
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semiconductive wafer (either alone or in assemblies compris 
ing other materials thereon), and semiconductive material 
layers (either alone or in assemblies comprising other mate 
rials). The term “substrate” refers to any supporting structure, 
including, but not limited to, the semiconductive Substrates 
described above. Semiconductor substrate 20 comprises a 
base or bulk substrate 22 within which isolation trenches will 
be formed. In one embodiment, such comprises bulk monoc 
rystalline semiconductive material. Such as silicon alone or in 
combination with other material, although semiconductor 
on-insulator and other Substrates whether existing or yet-to 
be developed are also contemplated. 
Mask lines 24 have been formed over semiconductor sub 

strate 22. In one embodiment, such are of a material different 
than that of at least one or more portions of substrate 22 such 
that material 22 and material 24 are selectively etchable rela 
tive to one another. In the context of this document, a material 
is selectively etchable relative to another if the one can be 
removed at a rate of at least 1.25 removal rate of the other for 
some set of etching conditions. Where substrate material 22 
comprises monocrystalline silicon, an example material 24 is 
silicon nitride. Material 24 might also of course comprise 
multiple different materials and/or regions. For example and 
by way of example only, a pad oxide layer (not shown) might 
be received immediately atop substrate material 22 as part of 
mask lines 24. For purposes of the continuing discussion, 
mask lines 24 can be considered as comprising sidewalls 25. 

Referring to FIG. 4, a layer 26 has been deposited over 
substrate 22/24 to a thickness which less than completely fills 
the spaces between mask lines 24. Material 26 might com 
prise one or more materials, and in one embodiment is 
selected such that materials 22, 24, and 26 can be etched 
selectively relative to each other. In one embodiment where 
for example material 22 comprises monocrystalline silicon 
and material 24 comprises silicon nitride or photoresist, an 
example material 26 is doped or undoped silicon dioxide. 

Referring to FIG. 5, material 26 has been etched anisotro 
pically effective to form sidewall spacers 28 there-from on 
sidewalls 25 of mask lines 24. Such depicts and describes, in 
but one embodiment, a method of forming mask lines, and 
forming sidewall spacers on sidewalls of the mask lines, over 
a semiconductor Substrate. Any existing or yet-to-be devel 
oped alternate technique might also be utilized in an embodi 
ment of the invention. For example and by way of example 
only, techniques might be utilized whereby sidewalls of mask 
lines are oxidized of from sidewall spacers. Regardless in but 
one example embodiment, FIG. 5 can be considered as 
depicting a first etching mask 29 comprising mask lines 24 
and sidewall spacers 28. Further, in one embodiment, FIG. 5 
can be considered as depicting sidewall spacers being formed 
laterally over sidewalls of the mask lines. The sidewall spac 
ers respectively have a first sidewall spacer edge in physical 
touching contact with one of the sidewalls of the mask lines. 
The sidewall spacers respectively have second sidewall 
spacer edge opposite the first sidewall spacer edge, with the 
second sidewall spacer edge not being in physical touching 
contact with any sidewall of the mask lines. 

Referring to FIG. 6, first trench lines 30 have been etched 
into semiconductive material of semiconductor Substrate 22 
using mask lines 24 and sidewall spacers 28 as a first etching 
mask. FIG. 6 depicts trenches 30 as having inwardly tapering 
widths along their depths due to typical artifact in trench 
etching, although other profiles, for example more vertically 
oriented sidewalls, might also be achieved. Regardless, first 
trench lines 30 might be considered as having respective 
maximum open widths 'A' within the semiconductive mate 
rial of substrate 22. Such open widths. A may be the same or 
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4 
different across the substrate. Further for purposes of the 
continuing discussion, semiconductive material of the Sub 
strate might be considered between adjacent first line 
trenches 30 as having respective minimum widths “B”. Such 
widths B may be the same or different across the substrate. In 
Some embodiments, for example in overcoming the above 
identified problem which motivated the invention, maximum 
open width's A are no greater than 35 nanometers. Further by 
way of example only, an example depth range for isolation 
trenches 30 within the semiconductive material of substrate 
22 where electrical isolation is desired is from 100 to 500 
nanometerS. 

Further and more broadly considered, the above describes 
example embodiments of etching first trench lines into semi 
conductive material of a semiconductor Substrate. Any alter 
nate process as just so stated is also contemplated, whether 
existing or yet-to-be developed, and regardless of whether 
using a first etching mask as described above on or over the 
Substrate, whether using no mask, or whether using an alter 
nate mask to that shown and described. 

Referring to FIG. 7, first isolation material 32 has been 
formed within first trench lines 30 within the semiconductive 
material of Substrate 22. Such might comprise one or more 
different composition materials, with high density plasma 
deposited silicon dioxide being but one specific example. 
Regardless, one or more isolation materials 32 might be 
deposited over the Substrate blanketly and/or perhaps grown 
selectively or otherwise from within trenches 30 in material 
22. First isolation material 32 in FIG. 7 is shown as having 
been deposited to within and overfilling first trench lines 30 
within semiconductive material of substrate 22 to be received 
between adjacent of the sidewall spacers 28 and to be received 
elevationally over mask lines 24. However, first isolation 
material 32 may or may not overfill trench lines 30. In one 
embodiment, and as shown. the respective second sidewall 
spacer edges referred to above are in physical touching con 
tact with the first isolation material. 

Referring to FIG. 8, first isolation material 32 has been 
removed effective to expose mask lines 24. Such is also 
depicted as exposing sidewall spacers 28. Example manners 
of removing material 32 include masked or maskless timed 
etch back, resist etch back, and mechanical and/or chemical 
mechanical polishing. FIG. 8 depicts some of material 32 
being received elevationally outward of substrate material 22 
between sidewall spacers 28. Alternately and by way of 
example only, material 32 might be removed at least to the 
outermost Surface of Substrate material 22, and perhaps to 
further below such outer surface to within first trench lines 30. 

Referring to FIG. 9, the material of mask lines 24 (not 
shown) has been etched from substrate 20 selectively relative 
to sidewall spacers 28. In one embodiment, such defines a 
second etching mask 34 comprising sidewall spacers 28 and 
first isolation material 32 received within first trench line 30. 

Referring to FIG. 10, second trench lines 36 have been 
etched into semiconductive material of Substrate 22 using 
sidewall spacers 28 and first isolation material 32 within first 
trench lines 30 as a second etching mask 34. In one embodi 
ment and as shown, first trench lines 30 and second trench 
lines 36 alternate across at least some portion of substrate 20. 
Second trench lines 36, analogous to the fabrication of first 
trench lines 30, are shown as having inwardly tapering widths 
along their depths, although alternate configurations are also 
of course contemplated, Regardless, second trench lines 36 
may be considered as having respective maximum open 
widths “C” within a semiconductive material of substrate 22. 
Such maximum open widths C may be the same or different 
across the substrate. Further, semiconductive material of sub 
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strate 22 between adjacent of the first and second trench lines 
may be considered as having respective minimum widths 
“D. Such minimum widths D may be the same or different 
across the Substrate. In some embodiments, dimensions Care 
no greater than 35 nanometers, and in some embodiments 
dimensions Dare no greater than 35 nanometers, for example 
where the problem identified above which motivated some 
embodiments of the invention manifested. In one embodi 
ment and as shown, the etching of the second trench lines 
occurs while the first isolation trench material is received 
between sidewall spacers 28. In one embodiment and as 
shown, the respective second sidewall spacer edges referred 
to above are in physical touching contact with the first isola 
tion material during the etching of the second trench lines into 
the semiconductive material. Further, the respective first side 
wall spacer edges are laterally exposed during the etching of 
the second trench lines into the semiconductive material. 

Referring to FIG. 11, second isolation material 38 has been 
formed within second trench lines 36 within semiconductive 
material of substrate 22. Such may be the same or different in 
composition from first isolation material 32, and regardless 
may be comprised of multiple different materials, and may or 
may not overfill second trench lines 36. Such is depicted in 
FIG. 11 as having been deposited to within and overfilling 
second line trenches 36. Alternately by way of example only, 
selective or other deposition might occur of material within 
second trench lines 36 selectively or otherwise. In one 
embodiment, the sidewall spacers are removed from the sub 
strate, for example after etching the mask lines from the 
Substrate, and in one embodiment after depositing the second 
isolation material. Regardless, in one embodiment where the 
first and second isolation materials overfill the first and sec 
ond trench lines, respectively, within the semiconductive 
material. Such overfilled first and second isolation materials 
may be removed back at least to semiconductive material of 
substrate 22. 

FIG. 12 depicts but one example embodiment wherein 
sidewall spacers 28 (not shown), overfilled first isolation 
material 32 received outwardly of semiconductive material of 
substrate 22 (not shown), and overfilled second isolation 
material 36 received outwardly of semiconductive material of 
substrate 22 (not shown) have been removed, for example by 
polishing and/or etching action at least to semiconductive 
material of substrate 22. Such might occur by one or more 
different chemistry etch back techniques, or for example in 
one embodiment by chemical mechanical polishing (CMP). 
Alternately and by way of example only, some of materials 
28, 32, and/or 36 might remain outwardly of trenches 30 and 
36 within substrate material 22. 

Splitting the trench etch and fill into at least two parts, for 
example as described above, may in Some embodiments 
address and/or overcome the problem identified in the “Back 
ground' section above. For example, the structures may be 
less Susceptible to bending during fill due to a wider expanse 
of material between adjacent empty trenches. 
The above example depicted and described embodiments 

are but only example methods of forming trench isolation. 
Such was depicted as using a pitch multiplication technique, 
although no multiplication technique, and alternate tech 
niques whether existing or yet-to-be developed might of 
course be used. 

For example in accordance with one embodiment, a 
method of forming trench isolation includes etching first 
trench lines into semiconductive material of a semiconductor 
Substrate regardless of using a mask. First isolation material is 
formed within the first trench lines within the semiconductive 
material of the substrate. After forming such first isolation 
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6 
material within the first trench lines, second trench lines are 
etched into semiconductive material of the substrate between 
the first trench lines such that the first trench lines and the 
second trench lines alternate. For example and by way of 
example only, FIG. 12 depicts first trench lines 30 which 
alternate with second trench lines 36. Second isolation mate 
rial is formed within the second trench lines within the semi 
conductive material. Accordingly, an embodiment of the 
invention encompasses breadth as just so stated without lim 
iting reference to the drawings or other sections of this docu 
ment. 

In one embodiment, the etching of the second trench lines 
forms the semiconductive material between adjacent first and 
second trench lines to have respective minimum widths 
which are no greater than 35 nanometers. In one embodiment, 
the first isolation material is formed to overfill the first trench 
lines within the semiconductive material and the second iso 
lation material is formed to overfill the second trench lines 
within the semiconductive material. Where such occurs, in 
one embodiment both the first isolation material which over 
fills the first trench lines and the second isolation material 
which overfills the second trench lines are removed back at 
least to an outermost Surface of the semiconductive material. 
Further and regardless, in one embodiment both gate dielec 
tric material is formed over the semiconductive material and 
floating gate material is formed over the gate dielectric mate 
rial prior to etching of the first trench lines. Such is described, 
by way of one example only, in an embodiment below. 

In some embodiments of the invention, a method of form 
ing trench isolation comprises etching first trench lines into 
semiconductive material of a semiconductor Substrate. The 
first trench lines have respective maximum open widths 
within the semiconductive material of no greater than 35 
nanometers. The semiconductive material between adjacent 
first trench lines has respective minimum widths which are at 
least twice that of the respective maximum open widths of the 
first trench lines. In one embodiment, the etching of the first 
trench lines forms the semiconductive material between adja 
cent first trench lines to have respect minimum widths which 
are about twice that of such respective maximum open widths 
of the first trench lines. Regardless, the first trench lines 
within the semiconductive material are filled. 

After filling the first trench lines, second trench lines are 
etched into semiconductive material of the semiconductor 
substrate between the first trench lines such that the first and 
second trench lines alternate. The second trench lines have 
respective maximum open widths within the semiconductive 
material which are no greater than 35 nanometers. The semi 
conductive material between adjacent first and second trench 
lines has respective minimum widths which are no greater 
than 35 nanometers. The second trench lines within the semi 
conductive materials are filled. 

In some embodiments, the first and second trench lines are 
filled by deposition of one or more insulative materials to 
within the first and second trench lines, and in some embodi 
ments such are overfilled with insulative material. In some 
embodiments, after filling the second trench lines, the insu 
lative material is removed by polishing or etching at least to 
the semiconductive material of the substrate. 

Further in some embodiments wherein etching the first 
trench lines is conducted using a first mask and etching of the 
second trench lines is conducted using a second mask, the 
second mask comprises part of the first mask, with the second 
mask being formed at least in part by etching only a portion of 
the first mask away from the substrate. The above depicted 
embodiment is, by way of example only, one such example 
implementation. 
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Embodiments of the invention might be used to fabricate 
any existing or yet-to-be developed integrated circuitry. In 
one example embodiment, methods can be used to form float 
ing gate transistors. By way of example only, an example 
embodiment is described in connection with FIGS. 13-16 in 5 
conjunction with a Substrate fragment 20a. Like numerals 
from the first-described embodiment are utilized where 
appropriate, with differences being indicated with different 
numerals or with the suffix “a”. FIG. 13 depicts substrate 
fragment 20a corresponding in process sequence to that of 10 
substrate 20 of FIG. 6. Semiconductor substrate 20a com 
prises one or more materials 22a comprising semiconductive 
material. For example and by way of example only, material 
22a might comprise bulk monocrystalline silicon, or alter 
nately by way of example only some semiconductor-on-in- 15 
sulator substrate. A first gate dielectric material 50 has been 
formed over semiconductive material of semiconductor Sub 
strate 22a. For example, first gate dielectric material 50 might 
comprise silicon dioxide, silicon nitride, a combination of 
silicon oxide and silicon nitride, or one or more other suitable 20 
gate dielectric materials. A floating gate material 52 has been 
formed over first gate dielectric material 50. An example 
floating gate material comprises conductively doped polysili 
con. Masklines 24 and sidewall spacers 28 have been formed 
over floating gate material 52. First trench lines 30a have been 25 
etched into floating gate material 52, gate dielectric material 
50, and semiconductive material of semiconductor substrate 
22a between the sidewall spacers using mask lines 24 and 
sidewall spacers 28 as a first etching mask. Alternate or addi 
tional processing as described above might also of course be 30 
utilized. 

FIG. 14 corresponds in processing sequence to FIG. 10 of 
the first described embodiments. First isolation material 32 
has been formed within first trench lines 30a, and mask lines 
24 (not shown) have been etched from the substrate selec- 35 
tively relative to sidewall spacers 28. Second trench lines 36b 
have been etched into floating gate material 52, first gate 
dielectric material 50, and semiconductive material of semi 
conductor Substrate 22a using sidewall spacers 28 and first 
isolation material 32 within first trench lines 30a as a second 40 
etching mask. 

FIG. 15 corresponds in processing sequence to that of FIG. 
12 of the first described embodiments. Second isolation mate 
rial 38 has been formed within second trench lines 36b within 
the semiconductive material of semiconductor Substrate 22a. 45 
Sidewall spacers 28 (not shown) have been removed from the 
substrate after etching to form second trench lines 36b, and in 
one embodiment after forming second trench isolation mate 
rial 38 within second trench lines 36b. In one example, where 
for example the first isolation material within the first trench 50 
lines is formed to overfill the first trench lines and where 
forming the second isolation material within the second 
trench lines overfills the second trench lines, one embodiment 
comprises removing the first isolation material, the second 
isolation material, and the spacers by polishing and/or etching 55 
at least to the semiconductive material of semiconductor Sub 
Strate 22a. 

Referring to FIG. 16, a second gate dielectric material 56 
has been formed over floating gate material 52. Such might 
comprise one or more different materials, and may be the 60 
same as or different from first gate dielectric material 50. A 
control gate material 58 has been formed over second gate 
dielectric material 56. Such can be patterned or otherwise 
processed as desired to form Suitable control gate lines for the 
floating gate transistors, and source/drain regions provided 65 
for Such transistors using either existing or yet-to-be devel 
oped techniques. 

8 
In compliance with the statute, the Subject matter disclosed 

herein has been described in language more or less specific as 
to structural and methodical features. It is to be understood, 
however, that the claims are not limited to the specific features 
shown and described, since the means herein disclosed com 
prise example embodiments. The claims are thus to be 
afforded full scope as literally worded, and to be appropri 
ately interpreted in accordance with the doctrine of equiva 
lents. 

The invention claimed is: 
1. A method of forming trench isolation, comprising: 
forming mask lines over a semiconductor Substrate; 
forming sidewall spacers laterally over sidewalls of the 
mask lines, the sidewall spacers respectively having a 
first sidewall spacer edge in physical touching contact 
with one of the sidewalls of the mask lines and a second 
sidewall spacer edge opposite the first sidewall spacer 
edge, the second sidewall spacer edge not being in physi 
cal touching contact with any sidewall of the mask lines; 

etching first trench lines into semiconductive material of 
the semiconductor substrate between the sidewall spac 
ers using the mask lines and sidewall spacers as a first 
etching mask; 

depositing first isolation material to within and overfilling 
the first trench lines within the semiconductive material 
to be received between adjacent of the sidewall spacers 
and to be received elevationally over the mask lines and 
sidewall spacers, the second sidewall spacer edge being 
in physical touching contact with the first isolation mate 
rial; 

removing the first isolation material effective to expose the 
mask lines; 

after the removing, etching the mask lines from the Sub 
strate selectively relative to the sidewall spacers; 

after etching the mask lines from the Substrate, etching 
second trench lines into semiconductive material of the 
semiconductor Substrate using the sidewall spacers and 
the first isolation material within the first trench lines as 
a second etching mask, the second sidewall spacer edge 
being in physical touching contact with the first isolation 
material during the etching of the second trench lines 
into the semiconductive material, the first sidewall 
spacer edge being laterally exposed during the etching 
of the second trench lines into the semiconductive mate 
rial; 

depositing second isolation material to within and overfill 
ing the second trench lines within the semiconductive 
material; and 

removing the sidewall spacers from the substrate after the 
etching of the second trench lines into the semiconduc 
tive material. 

2. The method of claim 1 comprising removing the side 
wall spacers from the Substrate after depositing the second 
isolation material. 

3. The method of claim 1 comprising removing the over 
filled second isolation material and the overfilled first isola 
tion material back at least to the semiconductive material. 

4. The method of claim 3 comprising removing the side 
wall spacers from the Substrate after depositing the second 
isolation material; the removing of the overfilled second iso 
lation material, the overfilled first isolation material, and the 
sidewall spacers comprising polishing. 

5. The method of claim 1 wherein the first trench lines are 
etched to a uniform depth within the semiconductive mate 
rial, and the second trench lines are etched to a uniform depth 
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within the semiconductive material which is the same as the 
uniform depth of the first trench lines within the semiconduc 
tive material. 

6. A method of forming floating gate transistors, compris 
ing: 

forming floating gate material over first gate dielectric 
material over semiconductive material of a semiconduc 
tor substrate; 

forming mask lines over the floating gate material; 
forming sidewall spacers laterally over sidewalls of the 
mask lines, the sidewall spacers respectively having a 
first sidewall spacer edge in physical touching contact 
with one of the sidewalls of the mask lines and a second 
sidewall spacer edge opposite the first sidewall spacer 
edge, the second sidewall spacer edge not being in physi 
cal touching contact with any sidewall of the mask lines; 

etching first trench lines into the floating gate material, the 
first gate dielectric material, and the semiconductive 
material of the semiconductor substrate between the 
sidewall spacers using the mask lines and sidewall spac 
ers as a first etching mask; 

forming first isolation material within the first trench lines 
within the semiconductive material, the second sidewall 
spacer edge being in physical touching contact with the 
first isolation material; 

after forming the first isolation material within the first 
trench lines, etching the mask lines from the Substrate 
selectively relative to the sidewall spacers; 

after etching the mask lines from the Substrate, etching 
second trench lines into the floating gate material, the 
gate first dielectric material, and the semiconductive 
material of the semiconductor Substrate using the side 
wall spacers and the first isolation material within the 
first trench lines as a second etching mask, the second 
sidewall spacer edge being in physical touching contact 
with the first isolation material during the etching of the 
second trench lines into the semiconductive material, the 
first sidewall spacer edge being laterally exposed during 
the etching of the second trench lines into the semicon 
ductive material; 

forming second isolation material within the second trench 
lines within the semiconductive material; and 

after forming the second isolation material with the second 
trench lines, forming second gate dielectric material 
over the floating gate material and forming control gate 
material over the second gate dielectric material. 

7. The method of claim 6 comprising removing the side 
wall spacers from the Substrate at a point in time after etching 
the second trench lines. 

8. The method of claim 7 wherein the point in time is also 
after forming the second isolation material within the second 
trench lines. 

9. The method of claim 6 whereinforming the first isola 
tion material within the first trench lines overfills the first 
trench lines, and forming the second isolation material within 
the second trench lines overfills the second trench lines; and 
further comprising removing the first isolation material, the 
second isolation material, and the spacers by polishing or 
etching at least to the semiconductive material of the Sub 
Strate. 

10. The method of claim 6 wherein the first trench lines are 
etched to a uniform depth within the semiconductive mate 
rial, and the second trench lines are etched to a uniform depth 
within the semiconductive material which is the same as the 
uniform depth of the first trench lines within the semiconduc 
tive material. 

11. A method of forming floating gate transistors, compris 
ing: 
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10 
forming floating gate material over first gate dielectric 

material over semiconductive material of a semiconduc 
tor substrate; 

forming mask lines over the floating gate material; 
forming sidewall spacers on sidewalls of the mask lines; 
etching first trench lines into the floating gate material, the 

first gate dielectric material, and the semiconductive 
material of the semiconductor substrate between the 
sidewall spacers using the mask lines and sidewall spac 
ers as a first etching mask, the first trench lines being 
etched to a uniform depth within the semiconductive 
material; 

forming first isolation material within the first trench lines 
within the semiconductive material; 

after forming the first isolation material within the first 
trench lines, etching the mask lines from the Substrate 
selectively relative to the sidewall spacers; 

after etching the mask lines from the Substrate, etching 
second trench lines into the floating gate material, the 
gate first dielectric material, and the semiconductive 
material of the semiconductor Substrate using the side 
wall spacers and the first isolation material within the 
first trench lines as a second etching mask, the second 
trench lines being etched to a uniform depth within the 
semiconductive material which is the same as the uni 
form depth of the first trench lines within the semicon 
ductive material; 

forming second isolation material within the second trench 
lines within the semiconductive material; 

the forming of the first isolation material within the first 
trench lines overfilling the first trench lines, and the 
forming of the second isolation material within the sec 
ond trench lines overfilling the second trench lines; 

removing the first isolation material and the second isola 
tion material by polishing or etching to form the first 
isolation material, the second isolation material, and the 
floating gate material to have respective elevationally 
outermost Surfaces which are coplanar relative to one 
another, 

removing all of the sidewall spacers from the substrate; and 
after the removing of the first isolation material and the 

second isolation material, forming second gate dielec 
tric material over the floating gate material and forming 
control gate material over the second gate dielectric 
material. 

12. The method of claim 11 wherein the sidewall spacers 
are removed after forming the second isolation material. 

13. The method of claim 12 wherein the sidewall spacers 
are removed during said removing of the first isolation mate 
rial and the second isolation material by polishing or etching. 

14. The method of claim 11 wherein said removing of the 
first isolation material, the second isolation material, and the 
sidewall spacers is by polishing. 

15. The method of claim 11 wherein said removing of the 
first isolation material, the second isolation material, and the 
sidewall spacers is by polishing. 

16. The method of claim 11 wherein the etching of the 
second trench lines forms the floating gate material, the first 
gate dielectric material, and the semiconductive material 
between adjacent first and second trench lines to have respec 
tive minimum widths which are no greater than 35 nanom 
eters. 

17. The method of claim 11 wherein the first trench lines 
have respective maximum open widths within the floating 
gate material, the first gate dielectric material, and the semi 
conductive material between adjacent first trench lines; the 
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etching of the first trench lines forming the floating gate 
material, the first gate dielectric material, and the semicon 
ductive material between adjacent first trench lines to have 
respective minimum widths which are about twice that of said 
respective maximum open widths of the first trench lines. 

12 
18. The method of claim 17 wherein the respective mini 

mum widths are no greater than 35 nanometers. 


